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$v(_{X,y}, \sim t\vee,.)=$ ( $c\iota\backslash ?$ , by, $c\approx$ ) $+u(’.\mathfrak{r}, y, \dagger,)$ , (1)
$0,,$ $b,$ $c$ $a+b+c=0$ $u=(u, v, 0)$
$\vee$.
\mbox{\boldmath $\omega$} $\equiv \mathrm{r}\mathrm{o}\mathrm{t}v=(0,0, \omega(x, y, t))$ Navier-Stokes $(\mathrm{N}\mathrm{S})$ !
V\nu \approx - \mbox{\boldmath $\omega$} $=-\triangle\psi$ :
$\frac{\partial}{\partial t}.\omega+\mathit{0}\cdot X^{\frac{\partial}{\partial_{\backslash }\tau}\omega}+by\frac{\partial}{\partial y}\omega+\frac{\partial(\omega,\uparrow l1)}{\partial(\prime t,?/)}‘=C\omega+|\text{ }\triangle\omega$ , (2)
$u= \frac{\partial\psi}{\partial?/},$
$v=- \frac{\partial\psi}{\partial x}$ . (3)
$a=b<0$ $c\iota<0,$ $b=0(a=0, b<0)$ (2)
$($ e.g. Saffman $1992)_{0}a=b<0$ Burgers
vortex $\mathrm{t}_{1}\rceil$) $\mathrm{e}\text{ }$ - $Cl\cdot<0,$ $b=0((\iota=0, b<0)$ \mbox{\boldmath $\omega$} $=\omega(!)(\omega=\omega(y))$
Burgers vortex $1\mathrm{a}.1^{\Gamma}\mathrm{e}\mathrm{r}$ $0$ Burgers
(Townsend 1951, Corrsin 1962, Tennekes 1968, Saﬄllan 1968)
$k/k_{d}>>1$ far dissipation range( )
$E(k)\propto \mathrm{e}\mathrm{x}_{1})(-\beta k^{2})$ , (4)
\beta olmogorov Lundgren (1982)
Kohnogorov
(4) $\mathrm{N}\mathrm{S}$
Burgers vortex layer Pullin &Saffman (1992)
u
(2) $c\iota,$ $b$ $c$ $-$
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$J\equiv\partial(\omega, \mathrm{t}/,)/\partial(x, y)$
2 (2)
3 – J 3
$\overline{\pi}\mathrm{R}\mathrm{a}\mathrm{n}\mathrm{d}_{0}\mathrm{m}$ shear ( $.\backslash$ Ionin &Yaglom 1975) (4)
(I\v{c}err 1990, Chen et al. 1993, etc.)
$k$ $\exp(-\zeta\iota\cdot k)$ ;(\alpha = )




2 (4) $\exp(-\mathrm{o}k)$ J
Robinson &Saffman (1984)
$\epsilon\equiv(c’-|_{))}/(\mathrm{r}\iota+b)\ll 1_{\text{ }}$ Re\equiv $\int\int$ \mbox{\boldmath $\omega$}dnd /(2\mbox{\boldmath $\pi$}1 ) $\ll 1$ (2)




.l/ \S ‘2 (2) –
(ODE) $()\Omega \mathit{0}3$ ODE
Fourier spectrum
Fourier spectrum \S 4
$,()\mathrm{r}\backslash )2$ ODE ( y










. $=(_{l}\text{ }/|b|)^{1/\underline{\cdot})_{\wedge}}.\cdot\iota^{\mathrm{Y}}.,$ $y=(l\text{ }/|b|)^{1/arrow)}.\iota\hat{J},$ $t$. $=(1/|b|)\hat{t.}$ ,
$\psi(\backslash \cdot \mathrm{t}_{:}.y, t)=|\text{ }.\mathrm{t}^{/}\wedge|(.?^{\wedge}" \tau_{\mathfrak{k}}\hat{J}\cdot\hat{t})$ , $\omega(.\iota\cdot, y, t)=|b|\hat{\omega}(.\hat{\mathrm{t}}\cdot,\hat{y},\hat{t})$ ,
(2)
$\frac{\partial}{\partial\hat{t}}\omega+(1-\hat{c\cdot})\sim?’\frac{\partial}{\partial_{1}^{\wedge}}.\cdot\hat{\omega}-_{J}\hat{\iota}\frac{\partial}{\partial\hat{\iota}/}\hat{\omega}+\frac{\partial(\hat{\omega},\hat{\psi’})}{\partial(_{l}\wedge.,\hat{y})}.\cdot=\hat{C}.\hat{\omega}+\triangle\hat{\omega}\wedge$ , $(\check{\mathrm{o}})$




$\mathrm{t}_{t}’’(.\cdot 1" y, \mathrm{f})=CJ(y, t)+.\cdot\iota\cdot f(y, f)+\cdots$ (6)
\mbox{\boldmath $\omega$} $=-\triangle\iota^{/}$’
$\omega(.\tau, y, t.)=-g’’(y, \dagger)+.\cdot 1^{\cdot}f\prime\prime(y, t)+\cdots$ (7)
$y$
$j$(, f
( $\mathrm{r}.\iota.\iota\cdot.$, by, $C_{\vee}^{\sim}.$ ) $|y|arrow\infty$
$g’(y, t)arrow O(|y|^{0})$ , (8)
$f(y, \dagger)arrow O(|\iota/|0),$ $f’(y, f)arrow o(|y|^{-1})$ (9)
$|.\iota\cdot|$ $|y|arrow\infty$
$\mathrm{t}\iota=(\partial\psi’/\partial y)=_{jC}+xf’’arrow O(|y|^{0})$ ,
$\mathrm{c}’=-(\partial\uparrow/,/\partial_{\mathrm{L}}.\cdot)=-farrow O(|y|^{0})$
(5) (6) g f
$g$ f




$f\equiv 0$ (11) – (10)
$yjC”+(_{C}-1)g+g’’=0\prime\prime$ , (12)
(12) –







$F(y.t)=-y-f(y, t)$ (11) (9)
$\wedge\underline{\partial}.F’’-2_{CF}\prime\prime-F^{\mathrm{i}}\mathrm{V}-F\prime F’’+FF’’’=0$ ,$-\vee F’’-2CF^{r\prime}-F1\mathrm{v}-F’F’’+FF’’’=0$ (13)
$\partial t$
$F’(y, t)arrow-1$ , $(yarrow\pm\infty)$ (14)
(13) $y$ –






(16) $F_{1}(y)=F’(y),$ $F_{2}(y)=F’’@)$ - :
$F’$ $=$ $F_{1}$ ,
$F_{1}’$ $=$ $F_{2}.$ , (17)
$F_{\underline{9}}’$ $=$ $-2cF_{1}+FF_{2}-F_{1}^{\mathit{2}}+1-2c$ .
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1: $F’(0)$
$y$ $F(\mathrm{O}),$ $F_{1}(0)$ ,
$F\underline{)}(0)$ (17) $|y|$ $F(y)$
(14) $(1_{\overline{l}})$ shootillg method
$F(0),$ $F_{1}(0)$ $F_{2}.(0)$ (14)
F $y$ $F(\mathrm{O})=F_{2}(0)=0$
$F_{1}(0)$ (17) 4
$\Delta y=0.\mathrm{o}\mathrm{O}1$ $|F’(10.0)-(-1)|<\epsilon\ll 1$








: $\triangle y=0.\mathrm{O}\mathrm{O}\mathrm{O}1$ , 0.00001 $F’(\mathrm{O})$
$F’(y)\text{ }-1$
1 2 F’(.-l/) $F”(y)$ $c$ $l\downarrow/x=-(1+F’)_{\text{ }}$
$\omega/.l$ . =F/’ 1 2
$F(y)$ $y$ \mbox{\boldmath $\omega$}/x $=$ F”
\mbox{\boldmath $\omega$}(x, $y$ ) x\sim
3 1 c $F’(0)$ $F’(y)=-1$
$c$ (16) $F’(0)=-1$ 3 2
$c\approx 1.\check{\mathrm{o}}$





(i) $F’(y)=-1$ $c<1.5$ $c>1.5$ (ii) $F’(y)^{[}\mathrm{s}\mathrm{t}\mathrm{e}\mathrm{a}\mathrm{d}\mathrm{y}]$









$\text{ }1^{\wedge}l(k)$ $(-]’, ]’)$
$\mathrm{E}_{11}\cdot(\iota’, \lambda\cdot)$
$\mathrm{E}_{\mathrm{I}}\cdot \mathrm{r}(l’, k)$ $k\gg 1$
\sim (Y)I/A2 $(_{1^{\wedge}}.|.(k)\gg \mathrm{E}_{\Gamma \mathrm{I}}\cdot(k, l^{r})$
\mbox{\boldmath $\lambda$} ) $|1l’.(]\vee)|$
$F’(0)$ $|\cdot\iota \mathrm{t}’(\iota r)|$
$\overline{\iota‘}(y)=u(y)(-]’\leq y<l^{r})$ ,
$=0(y<-.11lJ\geq l^{r})$ 21 $r$- Fourier
:
$\sum_{j=-\infty}\overline{\mathrm{t}/}(y+2j\iota’)=\sum_{=I^{)}-\infty}$
$c_{p}\exp(\mathrm{i}\pi py/\iota\cdot r)$ .
Fourier
$c_{l^{J}}= \frac{1}{21’}\int_{-\iota’}^{1’}?l(y)\exp(-\frac{\mathrm{i}\pi q_{J}y}{1’})\mathrm{d}y$ (20)
FFT (19) (20) $2Y_{C_{l^{J}}}\text{ }\cdot\hat{u}.(\pi_{P}/l^{r})$
4 $l^{r}=20.0$ $|1^{\wedge}l(k)|$ $k$
$c$ $c=2.0,2.2,$ $\cdots,$ $3.0$ $c$
$k$
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$|\iota l(\wedge k)|=\beta k^{\gamma}\exp$ (-o ($y$ $\gamma$ 3
$\iota((\wedge k),$ $\{k=\pi(p-1)/]’, \pi p/]_{\backslash }’\pi(\mathit{1}J+1)/l^{r}\}$
5 -o\acute $\mathrm{V}\mathrm{S}$ . $c$
$c=2.0,2.2$ , $\cdots,$ $3.0$ $-\zeta|$’ k $c$
– 6 \mbox{\boldmath $\gamma$} $1^{r}\mathrm{S}$ . $k$ \mbox{\boldmath $\gamma$} k
$c$
4 Analytic structure Fourier spectrum
$y=0$ Taylor
$F(y)=, \sum_{=\iota 0}\Gamma \mathfrak{l}.\prime ly’’$
(21)
(21) (16) Taylor ( )
$0_{0}.,\mathit{0}_{1},$ ($l_{2}$ $c\iota.,,$ $(\uparrow 1\geq 3)$ –
(21) (14) $F(-y)=-F(y)$
oo $=\mathit{0}\underline{\cdot)}=0,$ $C\{.1=F’(0)$ $F’(\mathrm{O})$ 1
$\Gamma l_{\mathrm{t}1},$ $(’?\geq 0)$ $(\mathrm{d}/\mathrm{d}.\iota/)\Sigma_{7}^{\backslash \mathrm{r}}\wedge,=0^{\mathit{0}}t1y^{??},$ $(N=50,7\check{\mathrm{o}}, 100)$ 3
F’@) $c=2.0$ 7
$|y|<A^{\mathrm{t}_{4}\backslash \Gamma})$ – $A^{\{N)}$ Taylor $\perp\nwarrow \mathrm{T}$
$F’(y)$ $y$
$A^{(\mathrm{V})}$‘ $Narrow\infty$ – $A(\infty)$ (21)
$c(>1.5)$ Taylor $c\iota_{1}..$, 77.-
8 $1_{11}|c\iota_{\underline{)}}.\cdot j-1|\mathrm{V}\mathrm{S}$ . $j$ $c=2.\mathrm{o},$ $2.2.,$ $\cdots.3.0J$




$\mathrm{e}^{a/\underline{\cdot)}}$ y $y=\pm c\iota \mathrm{i}(\alpha=\mathrm{C}^{\mathrm{f}1/2})$ –
2 $\ln|c|2j-1|1^{r}\mathrm{S}$ . $j$ Fitting a
$|B|/2$ -
(16) $y_{0}$ $F(y)=A(y-y_{0})^{\lambda}$
$y0\text{ }\wedge’${ (16) (14) $F(y)=A(y-J?0)^{\lambda}$
(16) $y=/l0$ $-(F’)^{\underline{)}}+FF’$ -F’
/\ $=-1,$ $A=-6$ (16)
g 1
Taylor – $A=-6$ 2
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2: $\alpha$ $|B|/2$





$F(y)=-6( \frac{1}{y-0\cdot \mathrm{i}}+\frac{1}{y+0^{\text{ }}\mathrm{i}})+\phi(y)$ (22)
$‘ 3(y)$ $\pm c\iota\cdot \mathrm{i}$
$|y|arrow\infty$ $\mathit{6}(y)arrow$ -y (22) $\iota\iota$
$\mathrm{t}((y)=-(1+F(y))\approx-6(\frac{1}{(_{J}\iota-C1\prime \mathrm{i})^{\mathit{2}}}+\frac{1}{(y+\mathit{0}!\mathrm{i})^{2}})$ (23)
$\iota\iota(\wedge k)$ $karrow\infty$
\^u $(k)\sim-6_{T}lk\epsilon \mathrm{x}_{\mathrm{P}()}-c\iota\prime k$ (24)
\S 3 {$|(\wedge k)$ \beta k\mbox{\boldmath $\gamma$} $\exp(-\mathrm{O}^{\prime k)}$ (24) $karrow\infty$ (i)
$c$
. \mbox{\boldmath $\gamma$}\rightarrow 1 (ii) $\mathit{0}$
5 Taylor $\mathfrak{a}$
5 $\int 3$ Fourier spectrum (24)
l‘ – 6 \mbox{\boldmath $\gamma$}
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1: ( ) (17) $F’(y)=F_{1}(\mathit{1}j)$ 1
$c=0.2,0.4$ . $\cdots.3.0$ 2: ( ) $F$“ $(y)=F_{2}(y)$
$c=3.0,2.8$ . $\cdots.0.2$ $\iota_{-}^{-}$’
$F’(\mathit{0}J$ lu(k)l
3: ( ) 1 $F’(0)$ vs $c$ 4: ( )1111 $l^{\wedge}\iota(\mathrm{k})|$ vs $k$. $\mathfrak{l}^{-}-$ ,
$c=2.0.2.2$ . $\cdots.3.\mathrm{o}$ $‘–_{\mathrm{t}}$
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-alpha gamma
$\mathrm{c}^{V_{):}}$ ( )l $h(k)|=$ $|\mathit{1}\mathit{3}k^{\gamma}\mathrm{e}\mathrm{x}\mathrm{P}(-ak)$ -cv(A) Cl (24) 2
( ) $c=2.0.2.2$ . $\cdots,$ $3.0$ 6: ( ) $\gamma(k)$
(7) $c=2.0,2.2,$ $\cdots,$ $3.\mathrm{o}$ (24)
.–
$F’(\gamma)$ laD2j- $7$]$/$
7: ( )c $=2.0$ $F’(y)$ shooting $\mathrm{m}\mathrm{e}\mathrm{t}\mathrm{h}_{0}\mathrm{d}_{\text{ }}$ Taylor
; $y$ $N=50,75,100$
8: $(\text{ })\ln|f|\mathit{2}j.-1|\mathrm{v},\mathrm{s}j$ $c=2.0,2.2,$ $\cdots 3.0i$ $‘-^{\mathrm{I}}-$
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